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DIFFERENCE IN AGE-DEPENDENT GENE EXPRESSIONS IN THE EARLY
STAGE OF PARTIAL-THICKNESS ARTICULAR CARTILAGE DEFECT IN RAT
N. Ikegawa, R. Akagi, M. Saito, H. Tsuruoka, S. Yamaguchi, K. Matsuki,
K. Nakagawa, T. Sasho, K. Takahashi
Chiba Univ. Hosp., Chiba, Japan
Purpose: The partial-thickness (PT) articular cartilage defects do not to
heal in mature animals whereas those of immature animals potentially
heal. The purpose of this study is to elucidate differences in repair process
in PT cartilage defects between mature and immature animals.
Methods: The partial-thickness (PT) articular cartilage defects were created
on the medial femoral condyles of 3-week-old (immature) and 16-week-old
(mature) SD rats (male). Specially designed chisel were used to create 100-
micrometer-depth defects which was about 50% depth of mature cartilage.
Contra-lateral knees were sham-operated.
For histologic analysis, animals were euthanized 6 weeks after surgery. The
condyles were stained with hematoxylin-eosin, safranine O/fast green and
toluidine blue. Repair sites were evaluated using the Mankin score.
To examine different response to PT cartilage injury between immature
and mature cartilage, micro-array technique was employed. Genes induced
by PT cartilage injury (GIPT) in immature animals were identiﬁed by
comparing gene expressions between 3-week PT cartilage and 3-week
control cartilage. GIPT of mature animals were identiﬁed as well. Then
the GIPT of immature and mature was compared. For this study animals
were euthanized 24 hours after creating PT defects and cartilage RNA was
extracted for further process.
Data were analyzed using a two- tailed Mann-Whitney U test to compare
difference in Mankin score. P<0.05 was considered signiﬁcant.
Results: Macroscopical features. Five of six knees in immature defect group
had obscure border between defects and surrounding cartilage, which was
indicative of cartilage repair. Two of six knees in mature defect group had
ﬁssures and other 4 knees had clear deﬁned border between defects and
surrounding cartilage.
Microscopical features. Histologic analysis revealed that defects were re-
paired well at 6 weeks in the immature defect group, though diminished
stainability of safranine-O was observed in the repaired site comparing
to normal cartilage. In the mature defect group, the defect was ﬁlled by
ﬁbrous cells, lowly-cellular and decreased safranine-O stainability.
Average of the Mankin score was 0.5 in the immature sham group, 2.8
in the immature defect group, 1.5 in the mature sham group, and 9.7 in
the mature defect group. We found higher scores in both of immature
(p=0.005) and mature defect groups (p=0.003) compared with sham groups.
The immature defect group scored obviously higher than the mature defect
group (p=0.003). The scores of the immature defect group were lower than
that of the mature defect group in each item of the Mankin parameters.
Micro-array. No interleukins were induced by PT cartilage defects in imma-
ture cartilage whereas IL1-beta and IL-6 were induced in mature cartilage.
Among immediate early genes, Fos and ATF-3 were induced only in mature
cartilage. No differences in expression levels of family of transforming
growth factor beta (TGF-beta) were found between the two group.
Conclusions: PT cartilage injury of 3-week old rat knee was spontaneously
repaired but that of 16-week old was not. Lack of immediate response to
cartilage damage might account for this difference.
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LONG-TERM STUDY OF STRATIFIED ALGINATE CONSTRUCT FOR
CARTILAGE TISSUE ENGINEERING
J. Schiavi-Tritz1, N. Charif1, N. de Isla1, R. Rahouadj2, A. Pinzano1,
D. Bensoussan1,3, N. Benkirane-Jessel4,5, J. Magdalou1, J.-F. Stoltz1,3,
C. Huselstein1
1CNRS - UMR 7561 -Nancy Université, Faculté de Médecine, Vandoeuvre les
Nancy, France; 2CNRS - UMR 7563 - LEMTA INPL, Vandoeuvre les Nancy,
France; 3CHU NANCY – Unité de Thérapie Cellulaire et Tissulaire, Vandoeuvre
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Objective: Cartilage defect self-regeneration gives a ﬁbro-tissue with weak
mechanical properties. Until now, most of research ways product ho-
mogenous scaffolds without mimicking cartilage morphology, yet, stratiﬁed
Cartilage Tissue Engineering (CTE) is developing to obtain strata in scaf-
folds. Our work aimed at contributing to stratiﬁed CTE with providing
an original build-up method to obtain scaffolds composed with sodium
Alginate and Hyaluronic Acid (Alg/HA) seeded with human Mesenchymal
Stem Cells (hMSCs).
Methods: Therefore, a stratiﬁed hydrogel was build up by a simple and
progressive spray of cellular hydrogel suspension alternate with polyelec-
trolyte multilayer to weld strata. hMSCs were embedded in Alg/HA gel,
then sprayed and the hydrogel was gelled in a bath of CaCl2. We evaluated
cells comportment in layered structure in long-term culture (56 days) with
a differentiated medium, without growth factor, usually used in CTE. In
fact, we followed matrix synthesis at 28 days of culture up to 56 days to
evaluate qualitative proteic expression of hMSCs thanks to histological and
confocal microscopy observations. Finally, we compared quantitative gene
expression of hMSCs cultured in vitro in the scaffold during 28 and 56 days.
Results: We explored the ability to construct bilayered scaffold with hy-
drogel strata welded by polyelectrolyte multilayer with a high of 2mm. One
notice that we observed good cohesion during in vitro culture. Moreover,
multilayers avoid a mix of strata during the build-up. Furthermore, matrix
synthesis was followed up to 56 days of in vitro culture with histological
slices staining and type I, II and X collagen labeling for confocal observation.
At 3 days of culture, we observed an homogenous cells repartition in hy-
drogels layers separated by polyelectrolyte multilayers. We also observed,
by histology, a proteoglycan and total collagen synthesis in the scaffold
after 28, 42 and 56 days of culture. Those results were conﬁrmed with
qRT-PCR. Indeed, confocal microscopy gave results that indicate a few
pericellular increased of type II and X collagen.
Here we showed, for the ﬁrst time, that it was possible to induce chondro-
genesis from hMSCs embedded in a bilayered scaffold composed of Alg/HA
hydrogel and that it can be cultured more than 56 days. In spite of those
good results, it appeared that after 28 days of in vitro culture, the matrix
synthesis was not signiﬁcantly increased up to 56 days of culture. However,
this method allowed to adapt each layer of the scaffold with hydrogel com-
position or with growth factors, and to mimic cartilage depth-dependant
organization. Indeed, in vivo implantation of this structure, after 28 days of
in vitro culture, could give cells the ability to synthesize more extracellular
matrix and to restore cartilage integrity.
Acknowledgements: This work was supported by the project ANR06-
BLAN-0197-01/CartilSpray, from the “Agence Nationale de la Recherche”,
and the “Conseil Regional de Lorraine”.
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SECRETOME ANALYSIS OF MESENCHYMAL STEM CELLS FROM HUMAN
UMBILICAL CORD STROME DURING THE CHONDROGENESIS
M.C. Arufe1,2, A. De la Fuente1, J. Mateos3, P. Fernandez3, E. Rendal1,
S. Diaz1,2, I. Fuentes1,2, F.J. De Toro1,2, F.J. Blanco1,3
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Purpose: Our goal is study the secreted proteins of Mesenchymal Stem Cells
-MSCs- from umbilical cord stroma during their differentiation towards
chondrocyte-like cells.
Methods: Umbilical cord tissues were obtained from caesareans from nor-
mal women in the Maternity Facility at Complejo Hospitalario Universitario
de A Coruña under the supervision of the hospital ethic committee. We
isolated and growth MSCs from umbilical cord stromal tissue by enzymatic
digestion and cultured the cells adhered to the plastic plate (1). The
cells were characterized (2) using ﬂow cytometry, immunohistochemistry
and RT-PCR techniques. Chondrogenic process was performed using our
previously published model (3). Brieﬂy, we grow the cells during two days
in medium suplemented with FCS 10%. After 2 days we washed the cells
with PBS and added medium supplemented with KO serum and TGF-β3.
Spheroids were formed by two days in culture and this three-dimensional
structure help to produce the characteristic proteins which form part of
the extracellular matrix of the cartilage. The spheroid were situated in a
well with the chondrogenic factors plus RPMI during 12 h to recover the
protein secreted to the medium by the spheroids at 4, 7, 14, 28 and 46 days
of differentiation avoiding the serum contamination. SDS-PAGE was done
using pre-cast NuPAGE® NOVEX gels (Invitrogen) to ensure reproducibility
in the separation of the proteins. Gels were stained with Silver Nitrate and
the entire lane was divided in 16 sections. Each section was excised and
subjected to in-gel digestion with trypsin. The peptide mixture was cleaned
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and desalted with home-made Poros R2 columns, injected and separated in
a nanoLC system, mixed with α-cyano and deposited in a MALDI plate using
an automatic MALDI spotter. The MS run for each fraction was analyzed
in an ABI 4800 MALDI-TOF/TOF instrument and fragmentation was done
using a CID system.
Results: 87 identiﬁed proteins were related with the chondrogenic differ-
entiation process from a total of 209 proteins. Some of the proteins related
with chondrogenesis obtained with this method were:
Name Swissprot Accession # Type Day
Collagen alpha-1 P02452 Collagen 4, 7
Collagen alpha-2 P08123 Collagen 4, 7
Decorin P07585 Proteoglycan 4, 7
Calreticulin P27797 Chaperone 4, 7
Collagen alpha-3 P12111 Collagen 14, 28
Lumican P51884 Proteoglycan 7, 14, 28
Fibulin P23142 Glycoprotein 14, 28
Biglycan P21810 Proteoglycan 46
Nidogen P14543 Glycoprotein 46
Conclusions: 1. This technique is suitable to analyze medium complexity
samples as secretome.
2. The chondrogenesis differentiation designed through spheroid formation
have revealed be an excelent method to obtain chondrocytes-like cells from
mesenchymal stem cells of human umbilical cord stromal tissue.
3. Pathways related with differentiation process are been activated during
the chondrogenesis process.
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EFFECT OF HUMAN PLATELET RICH PLASMA RELEASATES ON
PROLIFERATION ANDMATRIX SYNTHESIS OF HUMAN ARTICULAR
CHONDROCYTES GROWN ON A POLYGLYCOLIC ACID-BASED
BIOMATERIAL (PGA): MOLECULAR, PROTEOMICAL AND
IMMUNOFLUORESCENCE ANALYSIS
A. Spreaﬁco1,2, F. Chellini1,2, B. Frediani1,2, S. Niccolini1, G. Bernardini3,
A. Rocchi3, R. Marcolongo2, M. Galeazzi1, A. Santucci3,2
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Purpose: Recently proposed cell-based cartilage repair procedures require
that autologous articular chondrocytes are isolated from a small biopsy,
expanded in vitro, and then either directly injected into the defect or used
to engineer implantable grafts. Generally, several technical problems have
limited the wide clinical application of these techniques, in particular: (a)
the low yield of chondrocytes that can be obtained from a biopsy; (b) the
chondrocyte trend to lose their chondrogenic potential during the expan-
sion phase in conventional culture systems based on foetal calf serum (FCS)
addition to the culture medium; (c) the low capacity of chondrocytes to
re-differentiate towards cartilage-forming cells after the expansion phase.
In the last years, many of these aspects have been ameliorated thanks to the
development of cultural conditions based on the introduction of mixtures
of recombinant growth factors (GFs) and the employment of a variety of
biocompatible matrices supporting an appropriate tissue formation in vitro
and in vivo. However, some disadvantages of recombined GFs have become
evident, such as short shelf life and high price.
In recent years, a number of clinical studies have suggested that platelet
(PLT) derivatives, such as PLT-rich plasma (PRP), have the potential for a
substantial therapeutic role in cartilage tissue regeneration.
In a previous work, we have demonstrated the high eﬃcacy of a human PRP
releasate (PRPr) supplementation in delivering a broad range of GFs and
maintaining a chondrocyte-like phenotype in mono- and three-dimensional
cultures of human chondrocytes.
The aim of the present study was to investigate the anabolic properties of
PRPr supplementation on cartilage constructs based on PGA (polyglycolic
acid). PGA is a synthetic polymer successfully used in cartilage tissue
engineering for its biocompatibility and mechanical properties.
In order to evaluate if PRPr, in comparison with the conventional FCS cul-
tural supplementation, is really effective in improving the quality of PGA-
based cartilage constructs, we investigated, on different chondrocyte/PGA
3D-cultures, the genomic and proteomic expression of several biomarkers
of chondrocyte differentiation.
Methods: Time-dependent analyses were performed by means of Proteo
miner 2D electrophoresis, Real-time PCR and immunoﬂuorecence (IF) mi-
croscopy, on several chondrocyte/PGA cultures independently grown with
PRPr and FCS at the same concentration.
Results: The analysis of protein repertoires of cellular supernatants ob-
tained by 3D chondrocyte/PGA cultures grown with PRPr and FCS, after 10
days, shown signiﬁcant differences in the expression of proteins involved
in chondrocytic differentiation and anabolic activity. PRPr-supplemented
PGA constructs shown the exclusive expression of at least 7 markers of
chondrocytes differentiation, and the increase of about 4 protein involved
in cartilagenous anabolism. Real-time PCR gene expression analysis con-
ﬁrmed, in PRPr-treated constructs, after 20 days of culture, an increase
in expression of markers related to the synthesis of mature cartilagenous
extracellular matrix (Sox9 and Collagen II respectively +7.7 and +14.5
folds vs starting de-differentiated chondrocytes and +1.8 and +4.8 folds vs
FCS-treated constructs). These results were conﬁrmed by IF microscopic
analyses.
Conclusions: Our results strongly support the eﬃcacy of PRPr supple-
mentation to ameliorate the differentiation status of human articular
chondrocytes. Moreover, the whole of the differentiating PRPr activity in
addition to its stronger effect on cell proliferation, should allow to consider
this preparation very useful to the safe and economic engineering of
cartilage constructs.
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LONG-TERM RESULTS OF CARTILAGE REGENERATION AFTER ALLOGENEIC
TRANSPLANTATION OF CARTILAGINOUS AGGREGATES FORMED FROM
BONE MARROW-DERIVEDMESENCHYMAL CELLS WITH
CHONDROGENESIS FOR LARGE OSTEOCHONDRAL DEFECTS IN IMMATURE
RABBITS
T. Yoshioka1,2 , H. Mishima2, S. Sakai2, Y. Ohyabu3, N. Ochiai2, T. Uemura3
1Ibaraki Southwest Med. Ctr., Sashima, Japan; 2Univ. of Tsukuba, Tsukuba,
Japan; 3Natl. Inst. od Advanced Industrial Sci. and Technology, Tsukuba, Japan
Purpose: The purpose of this study was to allograft a three-dimensional
(3D) cartilaginous aggregates derived from bone marrow mesenchymal
cells into large osteochondral defects in rabbit knees, with the aim of
elucidating its long-term outcome for cartilage repair.
Methods: Bone marrow cells were harvested from long bones of 12-day-old
Japanese white rabbits. The cells were subjected to monolayer culture and
the spindle-shaped cells attached to the ﬂask surface were deﬁned as bone
marrow mesenchymal cells. After approximately 20 days of monolayer
culture, a 3D cartilage-like tissue was created by inducing cartilage differ-
entiation under rotary culture (1.0×107 cells) for one week with serum-free
medium containing TGF-β3. We created a full-thickness cartilage defect,
5 mm in diameter and 4 mm in depth, at the femoral trochlea of 10-
week-old Japanese white rabbits (average weight, 2.0 kg). Two groups were
set up, the graft group (n=19) in which the 3D cartilage-like tissue was
transplanted into the defect, and the control group (n=18) in which the
defect was untreated. Twenty six and 52 weeks after grafting, rabbits were
sacriﬁced and their tissue repair status was evaluated macroscopically
(ICRS macroscore) and histologically (O’Driscoll score). Scores from the two
groups were compared, with statistical signiﬁcance set at p<0.05.
Results: ICRS macroscores were: at week-26, 7.2±0.5 (score ± standard
error; n=12) and 7.6±0.8 (n=7) for graft and control groups, respectively;
at week-52, 7.6±1.1 (n=7) and 9.7±0.7 (n=11) for graft and control groups,
respectively. O’Driscoll scores were: at week-26, 12.6±1.9 and 10.1±1.9;
at week-52, 9.6±3.0 and 14.0±1.4, each for graft and control groups,
respectively. No signiﬁcant differences were found between the groups.
Conclusions: It has been reported that cartilage repair by transplanting
bone marrow mesenchymal cells into a full-thickness defect in rabbit
articular cartilage results in some short-term repair at hyaline cartilage-like
tissue; however, the cartilage layer gradually becomes thinner with time
and is eventually replaced by bone tissue. In this study, rather than
transplanting mesenchymal cells directly, we induced the differentiation of
mesenchymal cells into cartilaginous aggregate and grafted the resulting
tissue into the defect. These experiments were conducted based on the hy-
pothesis that transplanting the 3D tissue, as opposed to mesenchymal cells
themselves, might result in satisfactory repair at the hyaline cartilage-like
tissue even in the long term. However, we found no signiﬁcant differences
between graft and control groups, either macroscopically or histologically.
Within the graft group, tissues that did not show satisfactory repair were
not only ossiﬁed but also accompanied by scarring. These results suggest the
